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NATIONAL  ADVISORY  COMMITTEE  FOR  AERONAUTICS 
RESEARCH  MEMORANDUM 

EFFECT  OF  TARGET-TYPE  THRUST  REVERSER  ON  TRANSONIC 
AERODYNAMIC  CHARACTERISTICS  OF  A 
SINGIE -ENGINE  FIGHTER  MODEL 
By  Joh.i  M.  Swlhart 


SUMMARY 


A  brief  investigation  of  a  target -type  thrust  reverser  on  a  single¬ 
engine  fighter  model  has  been  conducted  in  the  Langley  l6-foot  transonic 
tunnel  at  Mach  numbers  from  0.20  to  1.05 .  At  Mach  numbers  of  0.00,  0.92, 
and  1.05,  a  hydrogen  peroxide  turbojet-engine  simulator  was  operated  with 
the  thrust  reverser  extended.  The  angle  of  attack  was  varied  from  0° 
to  5°  at  these  Mach  numbers.  The  Reynolds  number  of  the  free  stream, 
based  on  the  mean  aerodynamic  chord,  was  about  5  X  10^. 

It  was  estimated  that  reversed  Jet  operation  separated  the  model 
boundary- layer  flow  over  the  upper  surface  of  the  horizontal  tail  and 
upper  part  of  the  afterbody.  This  resulted  in  a  positive  pitch  incre¬ 
ment  due  to  reversed  Jet  operation.  Jet-on  operation  also  tended  to 
stabilize  the  severe  lateral  oscillations  which  occurred  with  the 
reverser  extended  and  the  Jet  off.  It  appeared  that  these  Jet-off 
oscillations  were  the  result  of  an  alternating  separation  and  reattach¬ 
ment  of  the  flow  on  the  rearmost  portions  of  the  fuselage  afterbody. 


INTRODUCTION 


There  has  been  considerable  interest  recently  in  the  use  of  thrust 
reversers  to  shorten  the  landing  roll  of  turbojet-powered  aircraft. 

Several  investigations  of  many  different  types  and  shapes  of  thrust 
reversers  have  been  made  in  still  air.  vFor  example,  see  refs.  1  to  5*) 
Taxi  tests  of  a  cascade-type  reverser  installed  on  a  single-engine  fighter 
airplane  have  been  reported  in  reference  6.  In  addition  to  the  interest 
in  the  thrust  reverser  as  a  landing  aid,  there  has  been  an  interest 
expressed  in  using  the  thrust  reverser  as  a  speed  brake.  It  might  be 
used  for  combat  maneuvering,  steep  descent  from  high  altitude,  and  during 
the  approach  to  landing  (ref.  7)  •  Some  of  these  flight  regimes  were 
investigated  several  years  ago  at  speeds  up  to  200  miles  per  hour  with 
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a  fighter-type  airplane  which  had  Loth  a  piston  engine  and  a  small  turbo¬ 
jet  engine.  The  results  of  those  flight  tests  are  reported  in  references  8 
and  9* 

It  is  the  purpose  of  this  paper  to  present  the  results  of  a  brief 
wind-tunnel  investigation  to  study  the  aerodynamic  phenomena  associated 
with  a  target -type  thrust  reverser  on  a  single-engine  fighter  model. 

This  investigation  was  conducted  in  the  Langley  l6-foot  transonic  tunnel 
at  Mach  numbers  from  0.20  to  1.05  at  0°  angle  of  attack.  Power-on  effects 
with  the  reverser  extended  were  obtained  through  the  angle-of-attack  range 
from  0°  to  5°  at  Mach  numbers  of  0.80,  0.92,  and  1.05.  The  turbojet 
exhaust  was  simulated  with  a  hydrogen  peroxide  gas-generator  system  and 
this  technique  is  described  in  reference  10. 


SYMBOLS 


All  forces  and  moments  presented  are  for  the  fuselage-tail  combina¬ 
tion  and  do  not  include  the  wing. 

A  area 

AR  aspect  ratio 

b  wing  span 

Cp  drag  coefficient,  D /q^S 

Cl  lift  coefficient,  L/qjS 

C j  rolling-moment  coefficient,  L'/q^Sb 

Cm  pitching-moment  coefficient,  M/q^Sc' 

yawing -moment  coefficient,  N/q^Sb 
Cy  lateral-force  coefficient,  Y/q^ 


pressure  coefficient. 


•  local 


c  local  chord 


c'  wing  mean  aerodynamic  chord 
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D  drag  of  fuselage-tail  combination 

d  diameter 

H2O2  hydrogen  peroxide  (90  percent  concentration  by  veight) 

L  lift  of  fuselage -tall  combination 

L'  rolling  moment  of  fuselage-tail  combination 

l  afterbody  length,  measured  from  base,  positive  rearward 

M  Mach  number  or  pitching  moment  of  fuselage-tail  combination 

referred  to  0.25c' 

m  mass  flow 

N  yawing  moment  of  fuselage-tail  combination  referred  to  0.25c 

p  pressure,  abs 

q  dynamic  pressure 

S  wing  area,  includes  area  covered  by  fuselage 

V  velocity 

Y  lateral  force  of  fuselage-tail  combination 

a  angle  of  attack  of  fuselage-tail  combination 

0  meridian  angle  measured  clockwise  from  top  center  line 

looking  upstream,  deg 

Subscripts: 
b  base 

t  total 

i  internal 

j  jet 

e  exit 

00  fr-re- stream  conditions 
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k 


bal 

P 

s 

r 


1,2,3 


"balance  measured 
primary 
secondary 
reverser 

axial  stations  (fig.  3(c)) 


APPARATUS  AND  METHODS 


Tunnel 


The  Langley  l6-foot  transonic  tunnel  is  a  single-return  atmospheric 
wind  tunnel  with  an  octagonal  slotted-throat  test  section.  The  opera¬ 
tional  and  power  characteristics  are  described  in  reference  11.  The 
bifurcate  sting  support  system  used  for  this  model  is  described  in 
reference  12. 


Model 

The  single-engine  turbojet  fighter  model  used  for  this  investigation 
was  the  same  model  described  in  reference  12.  Figure  1  shows  the  model 
with  and  without  the  thrust  reverser.  Figure  2  shows  a  dimensional  sketch 
of  the  target -type  thrust  reverser.  The  reverser  was  designed  for  about 
60-percent  reverse  thrust  by  using  the  design  ts  for  target-type 

reversers  shown  in  reference  3*  The  reverser  xocated  l.l8  inches 

downstream  of  the  model  base. 

Figure  3  is  a  cutaway  view  of  the  model  and  the  support  system. 

The  geometric  characteristics  of  the  wings,  tails,  and  fuselage  are 
given  in  the  figure.  The  model  was  constructed  of  stainless  steel  and 
aluminum,  and  the  wing  forms  an  integral  part  of  the  support  system. 

Figure  3  shows  that  the  wing  was  rigidly  attached  to  the  bifurcate  sting 
support  and  the  fuselage-tail  assembly  was  mounted  o.n,  a  six -component 
strain-gage  balance  supported  by  the  wing.  Flexible  diaphragm  seals 
were  used  at  the  Juncture  between  the  wing  and  the  fuselage.  The 
H2O2  turbojet  simulator  was  also  supported  from  the  wing  in  such  a  man¬ 
ner  that  the  thrust  and  drag  were  measured  separately.  The  details  of 
these  two  systems  will  be  discussed  later. 
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Tests 

The  model  was  investigated  at  Mach  numbers  from  0.20  to  1.05  at 
0°  angle  of  attack.  In  addition,  the  angle -of -attack  range  was  from  0° 
to  5°  at  Mach  numbers  of  0.80,  0.92,  and  1.05.  The  Reynolds  number 
based  on  c'  was  about  5  X  10  ^  for  this  Mach  number  range.  The  model 
was  investigated  with  the  reverser  off,  simulating  retraction  into  the 
sides  of  the  fuselage,  and  with  the  reverser  fully  extended.  The 
H2O2  turbojet  simulator  was  operated  over  a  Jet-total-pressure-ratio 
range  from  1.0  (jet  off)  to  5  at  Mach  numbers  of  0.80  and  above.  The 
technique  for  obtaining  jet-on  data  is  described  in  reference  12.  Tuft 
studies  were  made  over  the  boattail  with  and  without  Jet  flow  and  with 
and  without  the  reverser.  In  addition,  for  one  test,  the  reverser  was 
perforated  with  18  holes  (fig.  1(f)). 


Instrumentation 

Pressures  were  measured  t  several  nominal  meridian  angles  around 
the  fuselage  and  for  about  3  -imary  jet  diameters  ahead  of  the  base. 
Table  I  shows  the  location  of  each  of  these  pressure  orifices.  Pressure 
tubing  from  each  orifice  was  conducted  out  of  the  fuselage  through  the 
wing  and  bifurcate  sting  support  and  connected  to  electrical  pressure 
transducers  located  in  the  sting  barrel.  Eighty  electrical  pressure 
transducers  of  the  type  described  in  reference  13  were  manifolded  to  a 
common  reference  pressure  and  this  whole  transducer  manifold  system  was 
Immersed  in  a  constant -temperature  bath.  This  constant-temperature  bath 
kept  the  zero  and  sensitivity  shifts  of  the  electrical  pressure  trans¬ 
ducers  to  a  minimum. 

In  addition  to  the  external  pressures,  primary  Jet  total  and  static 
pressures,  secondary  inlet  and  exit  total  and  static  pressures,  and  pri¬ 
mary  jet  and  secondary  air  total  temperatures  were  measured. 

Fuselage-tail  forces  and  moments  were  obtained  on  a  six-component 
strain-gage  balance  and  thrust  forces  were  obtained  on  a  one -component 
thrust  balance. 

The  angle  of  attack  of  the  fuselage  was  measured  by  a  calibrated 
pendulum  strain-gage  attitude  indicator  mounted  in  the  canopy.  The 
resulting  angles  of  attack  are  independent  of  sting  and  balance  deflec¬ 
tions  due  to  load. 


Data  Reduction 

The  electrical  signals  from  the  pressure  transducers  were  trans¬ 
mitted  to  carrier  amplifiers  and  then  to  recording  oscillographs  located 
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in  the  tunnel  control  room.  The  trace  deflections  on  the  recorder  film 
were  converted  to  pressures,  forces,  moments,  and  temperatures  by  machine 
computation.  The  pressures,  forces,  and  moments  were  also  converted  by 
machine  computation  to  standard  coefficients. 

It  is  of  interest  to  note  that  four  recording  oscillographs  were 
used  and  that  all  four  recorders  were  synchronized  by  a  timing  device. 

In  this  maimer  the  H20o  simulator  operator  started  all  recorders  together, 
marked  each  data  point  on  the  films  of  each  simultaneously,  and  stopped 
all  recorders  together;  therefore,  all  data  presented  herein  for  a  given 
point  were  obtained  simultaneously. 

Drag  system.-  The  external  drag  of  the  fuselage-tail  assembly  is 
defined  as  the  sum  of  all  pressure  and  viscous  forces  acting  on  the 
external  surface  of  the  model  and  across  the  base  to  the  edge  of  the 
ejector.  (See  fig.  3(c).)  The  measured-^pxtemal-drag  equation  is  as 
follows : 


D  “  °bal  + 


-  1 

2 


|A2  +  ‘ 


Figure  3(b)  shows  the  location  of  the  six-component  strain-gage  balance 
and  figure  3(c)  shows  areas  and  pressure  locations. 

Inspection  of  the  drag  equation  indicates  a  pressure  force  across 
the  flexible  diaphragm  seal  (figs.  3(b)  and  3(c)).  This  force  was  only 
a  small  fraction  of  the  measured  drag  and  the  exact  disposition  between 
the  drag  and  thrust  systems  was  unknown;  however,  one-half  of  the  small 
pressure  force  across  the  flexible  seal  was  arbitrarily  charged  to  each 
system.  The  external  drag  is  also  charged  with  the  small  internal  drag 
of  the  secondary  air  duct  from  the  nose  to  the  flexible  bellows  where 
the  duct  is  connected  to  the  thrust  system. 

Thrust  system.-  The  thrust  system  is  shown  by  the  sketch  in  fig¬ 
ure  3(cT  The  target -type  thrust  reverser  was  connected  directly  to 
the  ejector  shroud  for  this  investigation  and  the  thrust  measured  with 
the  reverser  extended  should  have  included  the  drag  of  the  reverser  as 
well  as  the  reverse  thrust. 

Unfortunately,  the  thrust -balance  readings  obtained  during  the 
investigation  were  completely  unreliable  and  could  not  be  used  to  obtain 
a  measure  of  the  reverse  thrust  or  drag  of  the  reverser. 
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Accuracy 


The  estimated  accuracies  of  the  data  presented  in  this  paper  are 
given  as  follows: 


CD 

CL 

Cl 

Cm 

cn 

CY 

°p 

M 


■^t,  j/^oo 


±0.001 

±0.005 

±0.001 

±0.001 

±0.001 

±0.002 

±0.01 

±0.005 

±0.1 

±0.2 


RESULTS  AND  DISCUSSION 


Pressure  Data,  Lateral  Oscillations,  and  Tuft  Pictures 

Probably  the  most  interesting  aerodynamic  phenomenon  observed  in 
this  brief  investigation  was  a  rather  violent  lateral  oscillation  of  the 
model  with  the  jet  off.  These  lateral  oscillations  were  observed  from 
about  M  =  0.20  to  M  =  1.05.  In  order  to  observe  the  flow  disturbances 
which  might  be  causing  these  oscillations,  tufts  were  applied  to  the  upper 
half  of  the  fuselage  and  part  of  the  horizontal  tails.  (See  figs.  l(e) 
and  1(f).)  A  motion-picture  camera  was  installed  to  photograph  these 
tufts  and  an  observer  also  watched  the  model.  By  coordination  between 
the  ob server  and  the  model  control  operators,  it  was  possible  at  a  Mach 
number  of  0.92  to  obtain  simultaneous  force  data,  pressure  data,  and 
motion  pictures  of  the  tufts. 

Figure  4  shows  the  oscillograph  record  of  the  forces  and  moments 
obtained  at  this  point  with  the  reverser  extended  and  the  Jet  off.  This 
record  i6  typical  of  all  data  obtained  with  the  jet  off  when  the  reverser 
was  extended.  The  tuft  pictures  taken  by  the  motion-picture  camera  at 
the  two  selected  data  points  are  also  shown  in  figure  4.  At  the  first 
point,  the  lateral  force  was  positive  (lateral  trace  towards  top  of  record 
is  positive),  the  yawing  moment  was  negative  (yaw  trace  toward  top  of 
record  is  negative,  note  M  =  0  trace  positions),  and  the  tuft§  were 
lying  at  an  appreciable  angle  to  the  free-stream  direction  on  the  left 
side  of  the  afterbody  and  in  the  free-stream  direction  on  the  right  side 
of  the  afterbody.  At  the  second  point,  the  lateral  force  is  negative, 
the  yawing  moment  is  positive,  and  the  tufts  have  reversed  positions. 
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Figure  4(b)  shows  the  variation  of  pressure  coefficient  with  after¬ 
body  length  in  jet  diameters  for  several  meridians  at  the  two  data  points. 
The  pressures  at  the  first  point  are  generally  more  positive  and  more 
asycmetric  than  those  shown  for  the  second  point,  especially  between 

dj  =  -2.0.  Since  the  tufts  on  the  left  side  were  skewed 

at  the  first  point  and  the  pressures  are  more  positive,  it  is  believed 
that  an  alternating  separation  and  a  reattachment  were  occurring  on  the 
rear  parts  of  the  afterbody  for  about  2  jet  diameters  ahead  of  the  base 
dj  <  -2.0^.  Attempts  were  made  to  stabilize  this  separation  by 

attaching  a  l/8-inch-diameter  wire  to  the  fuselage  just  ahead  of  the 
horizontal  tail  and  by  perforating  the  reverser  as  shown  in  figure  l(f). 
Neither  of  these  changes  had  any  effect  on  the  separation  and  the 
resulting  lateral  oscillations. 


l/dj  =0  and  ij 


It  may  be  of  some  interest  to  note  that  although  the  time  shown  on 
the  record  (fig.  4(a))  for  the  side  force  and  yawing  moment  to  change 
sign  is  of  the  order  of  1  second,  the  mot ion -picture  camera  was  operating 
at  24  frames  per  second,  and  the  tufts  were  completely  changed  between 
two  consecutive  frames.  This  means  that  the  last  ring  of  tufts  shown  in 
figure  4(a)  (left  picture)  changed  from  a  steady  alinement  with  the  stream 
to  an  angle  of  about  45°  to  the  stream  (right  picture)  in  l/24  second  and 
the  tufts  were  fairly  steady  at  that  angle. 


It  is  believed  that  this  irregular  alternating  separation  and 
reattachment  will  occur  with  any  reverser  of  this  type  when  the  Jet  is 
off,  since  this  alternating  irregular  vortex  pattern  is  a  phenomenon  of 
a  turbulent  boundary  layer  (ref.  14)  and  is  often  observed  in  separated 
flows.  The  rapid  changes  in  lateral  force  and  yawing  moment  due  to  this 
flow  pattern  might  make  an  airplane  uncontrollable,  since  these  changes 
are  the  equivalent  of  about  5°  of  change  in  yaw  angle.  If  the  period  of 
the  oscillation  could  be  controlled  by  the  pilot,  the  magnitude  of  the 
deflection  and  accompanying  shaking  of  the  airframe  would  at  least  be 
very  disconcerting  and  undesirable. 


Figure  5  shows  a  sketch  made  with  the  aid  of  photographs  of  the 
tufts  at  a  Mach  number  of  0.80  with  the  jet  on  and  off.  In  figure  5(b) 
the  tufts  are  completely  reversed  for  about  5  jet  diameters  ahead  of 
the  base  and  some  outflow  is  indicated  on  the  horizontal  tail.  It  is 
believed  that  the  reversed  jet  flow  was  attached  to  the  fuselage  at 
least  in  the  vicinity  of  the  base  and  forward  about  1  jet  diameter  since 
the  fuselage  was  discolored  from  heat  in  thi6  region.  The  Jet  probably 
extended  forward  for  5  jet  diameters  before  turning  outward  and  backward 
to  the  free-stream  direction.  This  path  of  the  Jet  will  be  discussed 
later  in  the  presentation  of  the  force  data. 


Figure  6  shows  the  variation  of  Cp  with  Z^dj  for  three  Mach 
numbers  and  three  pressure  ratios  at  a  =  0°.  The  average  afterbody 
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pressure  coefficients  for  the  reverser  off  are  shown  for  comparison  with 
the  measured  pressure  coefficients  for  the  reverser  fully  extended. 
Average  Cp  is  the  average  of  the  pressure  coefficients  at  each  value 
of  l/dj.  When  the  jet  is  off,  the  data  are  quite  similar  at  M  =  0.80 

but  the  pressure  coefficients  become  generally  more  positive  with  the 
reverser  extended  when  the  Mach  number  is  increased  to  O.92  and  I.05. 

With  the  Jet  operating,  the  pressures  are  mofe  positive  over  the  whole 
of  the  instrumented  afterbody,  with  the  largest  difference  shown  for 
M  =  1.05  and  p-^j^p^  =  5*0.  At  angles  of  attack  of  3*5°  and  5°>  the 

pressures  became  more  asyrsnetric.  Figure  7  shows  the  pressure  data  at 
a,  =  5°>  M  =  O.92,  and  at  pressure  ratios  of  1  and  5*0>  and  also  shows  a 
conparison  of  the  data  with  the  reverser  off.  These  data  are  typical  for 
all  Mach  numbers  and  pressure  ratios. 


Force  and  Moment  Data 

Figure  8  shows  the  force  and  moment  coefficients  plotted  against 
angle  of  attack  for  constant  values  of  pressure  ratio  at  M  =  0.80,  0.92, 
and  1.05.  The  data  for  the  model  with  the  reverser  off  are  included  for 
comparison.  The  effect  of  the  reversed  jet  on  the  fuselage-tail  drag 
coefficients  was  to  reduce  the  values  to  zero  or  even  slight  thrust 
values  at  the  subsonic  Mach  numbers.  The  reduction  in  drag  coefficient 
due  to  jet  operation  was  about  constant  at  all  Mach  numbers  and  showed 
the  expected  increase  in  Cp  with  angle  of  attack.  These  reductions 
are  probably  the  result  of  the  fairly  large  positive  pressures  being 
induced  on  the  base  and  afterbody.  (See  figs.  6  and  J.) 

Figure  6  indicates  that  the  pressures  along  the  bottom  of  the  fuse¬ 
lage  (rows  4  and  5)  are  generally  not  affected  by  the  Jet  as  much  as 
those  at  the  top  (rows  2  and  3).  The  reverser  is  mounted  relatively 
high  on  the  fuselage  (see  fig.  1(d))  and  it  would  be  expected  that  most 
of  the  reversed  jet  effect  would  be  seen  above  the  horizontal  tail.  It 
is  estimated  that  the  reversed  Jet  has  separated  the  model  boundary-layer 
flow  from  the  upper  part  of  the  afterbody  (evidenced  by  high  positive 
pressure-coefficient  values)  and  on  the  upper  surface  of  the  horizontal 
tail.  These  observations  are  consistent  with  the  reversed  jet  boundary 
shown  in  figure  5(*>).  This  positive  pressure  field  above  the  tail  would 
cause  the  tail  to  develop  negative  lift  and  produce  a  positive  pitch 
increment.  These  are  the  trends  indicated  by  the  force  and  moment  data 
(fig.  8(a))  at  all  angles  of  attack. 

Figure  8(b)  shows  the  rolling -moment,  lateral-force,  and  yawing- 
moment  coefficients.  There  is  only  a  very  small  effect  on  rolling  moment 
for  all  conditions.  This  indicates  that  the  reversed-flow  field  was 
probably  fairly  symmetrical  about  the  model  vertical  center  line.  The 
oscillatory  nature  of  the  lateral-force  and  yawing-moment  coefficients 
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has  been  discussed  previously  for  the  jet-off  condition.  In  general, 
operating  the  Jet  seemed  to  stabilize  the  flow  to  some  extent,  but  when 
the  pressure  ratio  was  increased  to  5*0  there  was  a  tendency  to  return 
toward  the  jet-off  values.  No  plausible  explanation  for  this  behavior 
can  be  found,  but  it  might  be  caused  by  a  very  slight  misalinement  of 
the  reverser  from  a  plane  perpendicular  to  the  free  stream. 

No  shadowgraph  pictures  were  obtained  with  this  model  but  the 
observer  made  sketches  of  the  shock  patterns  around  the  afterbody  and 
tail  at  a  Mach  number  of  1.05.  When  the  Jet  was  off,  the  horizontal- 
tail  trailing-edge  shock  was  located  Just  ahead  of  the  model  base  (note 
positive  Cp  shift  at  2/dj  =  -1.2,  fig.  6(c)) j  however,  when  the  Jet 

was  on,  the  shock  was  forced  forward  to  a  position  just  ahead  of  the 
horizontal  tail.  No  attempt  has  been  made  at  analyzing  the  effect  of 
these  shock  positions  on  the  data  and  these  observations  are  only 
included  for  the  reader's  information. 

Aerodynamic  characteristics  at  lower  Mach  numbers.-  Figure  9  shows 
the  aerodynamic  forces  and  moments  on  the  fuselage-tail  combination  at 
a  =  0°  with  the  jet  off  at  Mach  numbers  from  about  0.40  to  0.80.  No 
reversed- Jet  flow  data  were  obtained  in  this  Mach  number  range  (below 
M  =  0.80)  and  these  data  are  presented  mainly  to  show  the  trends  at  these 
lower  Mach  numbers. 

Reverse-thrust  characteristics.-  ^fortunately,  as  was  stated  earlier, 
no  reliable  reverse-thrust  data  were  c  ined  during  the  investigation. 

In  order  to  detail  some  of  the  forces  jt  ng  on  the  reverser,  a  small- 
scale  model  of  the  reverser  was  construct  d,  instrumented  with  pressure 
tubing,  and  investigated  over  the  Mach  *  jfeer  range  from  0.80  to  I.05. 

(See  fig.  10.)  These  data  indicate  th  the  pressure  drag  on  the  down¬ 
stream  side  of  the  reverser  is  approximately  doubled  when  the  jet  is 
operating.  This  indicates  that  a  sizable  drag  force  will  also  be  applied 
to  the  airplane  in  addition  to  the  amount  of  reversed  thrust. 

Inspection  of  figures  l(c)  and  l(e)  will  show  two  different  sizes 
of  supporting  members  for  the  reverser.  It  might  be  of  value  to  a 
designer  to  know  that  the  smaller  supports  were  designed  for  100-percent 
reverse  thrust  and  had  a  safety  factor  of  3.  These  supports  failed* 
under  the  severe  oscillating  loads  imposed  on  the  reverser  before  the 
tunnel  could  be  brought  up  to  a  Mach  number  of  0.80.  Specifically  they 
failed  before  any  reverse  thrust  was  imposed  on  them.  The  larger  supports 
were  made  more  than  four  times  as  strong  as  the  smaller  ones  and  no  fail¬ 
ures  occurred  with  these  struts.  This  information  Is  presented  to  show 
the  severity  of  the  flow  oscillations  on  this  model  with  the  reverser 
extended. 
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CONCLUDING  REMARKS 


A  brief  investigation  of  a  target-type  thrust  reverser  on  a  single¬ 
engine  fighter  model  has  been  conducted  in  the  Langley  l6-foot  transonic 
tunnel  at  Mach  numbers  from  0.20  to  1.05  at  0°  angle  of  attack.  Jet-on 
data  were  obtained  at  Mach  numbers  of  0.80,  0.92,  and  1.Q5  and  the  angle 
of  attack  was  varied  from  0°  to  5°  at  these  Mach  numbers. 

It  is  estimated  that  reversed  Jet  operation  separated  the  model 
boundary-layer  flow  over  the  upper  surface  of  the  horizontal  tail  and 
on  a  large  extent  of  the  upper  part  of  the  afterbody.  This  resulted  in 
a  positive  pitch  increment  due  to  reversed  Jet  operation.  When  the 
reverser  was  extended  with  the  Jet  off,  severe  model  lateral  oscillations 
occurred.  It  appeared  that  this  behavior  was  the  result  of  an  alternating 
separation  and  reattachment  of  the  flow  on  the  rearmost  portions  of  the 
afterbody.  The  lateral-force  and  yawing-moment  oscillations  associated 
with  this  flow  phenomenon  might  make  an  airplane  uncontrollable.  Reversed 
Jet  operation  stabilized  these  flow  oscillations  somewhat  and  the  lateral 
coefficients  were  reduced.  An  investigation  of  a  small-scale  reverser 
indicated  that  the  pressure  drag  on  the  downstream  side  of  the  reverser 
approximately  doubled  when  the  Jet  was  operated. 


Langley  Aeronautical  Laboratory, 

National  Advisory  Committee  for  Aeronautics, 
Langley  Field,  Va.,  September  27,  1957* 
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(a)  Ihree-quarter  front  view,  reverser  off.  L-92106 

Figure  1.-  Model  mounted  in  test  section  of  Langley  l6-foot  transonic  tunnel 
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Figure  1.-  Continued 
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Figure  1.-  Continued 
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(e)  Side  view,  reverser  on  and  tufts  on  afterbody.  L-95^29 
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Figure  1.-  Concluded 
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Figure  2 
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Root  section . NACA  0006 

Tip  section . NACA  0006 

c, . 14000  m. 

ct . . — 2.480  in. 

Toper  ratio _ 0  18 
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(a)  Complete  model. 

Figure  3»-  Sketch  of  Jet-exhaust  simulator  model  and  support  system. 
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taken  simultaneously. 
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M  *  0.92 
a  *  0° 

pt,j/poo* 


Is-  Reverser 


(a)  Jet  off. 

Figure  5 • -  Tuft  patterns  on  afterbody,  reverser  extended. 
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(a)  M  *  0.80,  continued-. 
Figure  6.-  Continued. 
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(a)  M  ■  0.80,  concluded. 
Figure  6.-  Continued. 
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(b)  M  »«  0.92. 
Figure  6,-  Continued. 


CONFIDENTIAL 


CONFIDENTIAL 


NACA  RM  L57J16 


Averoge  reverser 


off 


o 

□ 

O 

A 


Row 

1 

2 

3 

4 

5 


M 


.  0.92 
Pt,i/Poo  * 


* 


e— m 


-3.2  -2.8  -2.4  -2.0  -I 


2  -.8  -.4 


Vdi 


(b)  M  *  0.92,  concluded. 
Figure  6.-  Continued. 
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(c)  M  -  1.05. 
Figure  6.-  Continued. 
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(c)  M  «  1.05,  continued. 
Figure  6.-  Continued. 


CONFIDENTIAL 


HACA  PM  L57J16 


CONFIDENTIAL 


37 


Figure  6.-  Concluded. 
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Reverser  extended  M  I  I  i  I  i  Revcrser  off 
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Figure  J.«  Variation  of  pressure  coefficient  with  afterbody  length  at  M  =  0.92 


080  = 


y&)  Cj j,  Cj^,  and  plotted  against  a  for  constant  values  of  p^.  j/p^* 

Figure  8.-  Aerodynamic  characteristics  of  fuselage-tail  combination  with  and  without  a  target 

type  thrust  reverser. 
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